Neste trabalho, verificou-se a aplicabilidade de uma metodologia computacional para se predizer a estrutura de compostos orgânicos com atividade biológica. Para isso, selecionaramse três floroglucinóis, e compararam-se suas conformações obtidas por modelagem molecular e por difração de raios X. Os resultados mostraram que as conformações obtidas por análise conformacional com o método AM1 seguidas de otimização de geometria utilizando o método DFT (B3LYP/6-31G(d,p)) estão em boa concordância com os dados obtidos experimentalmente por difração de raios X, indicando que a metodologia empregada parece ser uma ótima ferramenta para predizer preferências conformacionais desta classe de compostos.
Introduction
Despite the development of organic synthesis, biotechnology and combinatorial chemistry, natural plants are still a great source of bioactive compounds. However, just 8% of the Brazilian flora has been already studied in the search for new bioactive substances. 1, 2 In the last decades several antibacterial compounds are being less effective in the treatment of infectious diseases due to multi-resistant bacteria. 3 In this context medicinal plants are extremely important in the search of new molecules as therapeutic alternatives. The genus Hypericum seems to be a good choice for this problem. It is constituted by flavonoids, xantones and phloroglucinols with considerable pharmacological and biological effects. 4, 5 Phloroglucinol derivatives have been described in the literature as promising substances with high antibacterial activity. [6] [7] [8] [9] The Hypericum brasiliense presents three phloroglucinols in its constitution and they are active against bacteria. 10, 11 These phloroglucinols are the japonicin A, the uliginosin B and the isouliginosin B ( Figure 1 ).
The study of conformations of bioactive compounds is very important in the design of new drugs, since that conformational profile may have direct implications in their activity. When the conformational properties of a drug are known to play an important role in establishing its therapeutic value, any newly designed analogue should have similar conformational properties to enhance the probability that it will bind to the receptor target.
Nowadays computational chemistry is a very important tool in drug design. It can lead for example, to the determination of physical chemical properties and to conformational profiles of biomolecules. However, success in using conformational profiles in the study of biochemical interactions depends on how well computer simulation is able to reproduce the structural features of the species involved. [12] [13] [14] [15] [16] [17] In this work we intend to verify the applicability of a computational methodology to predict structural features of organic compounds with biological activity. We selected the phloroglucinols 1, 2 and 3 and compared their calculated conformational data with X-ray experimental results.
Experimental
The phloroglucinols used in this work were isolated from the Hypericum brasiliense. 4, 5 The structure of the compounds was established by comparing its NMR data (¹H and ¹³C spectra) with that from literature. 4 Samples of japonicin A (1) and isouliginosin B (3) suitable for X-ray diffraction experiments were obtained by slow solvent evaporation at room temperature of solutions containing hexane. All attempts to obtain single crystals of uliginosin B (2) by slow solvent evaporation failed. Uliginosin B (2) data collection and data reduction was performed in a two fold-twinned sample crystallized after evaporation of acetonitrile solution.
X-ray diffraction data collections were performed on a Oxford-Diffraction GEMINI diffractometer (LabCri) using graphite-Enhance Source MoKa radiation (l = 0.71069 Å) at 150(2) K. Data Integration and scaling of the reflections were performed with the Crysalis suite. 18 Final unit cell parameters were based on the fitting of all reflections positions. Empirical multiscan absorption corrections using equivalent reflections were performed with the program SCALE3 ABSPACK. 19 The structures of all compounds were solved by direct methods using the SHELXS program. 20 For each compound, the positions of all atoms could be unambiguously assigned on consecutive difference Fourier maps. Refinements were performed using SHELXL 20 based on F 2 through full-matrix least square routine. For uliginosin B (2) the Crysalis suite help in finding the twin law to generate a reflection file for refinement with the HKLF5 option of the SHELXL program. 20 All hydrogen atoms were refined with anisotropic atomic displacement parameters. During the refinements neither solvent nor disordered groups were identified in the crystals.
Except for those in the hydroxyl groups, the hydrogen atoms in the compounds were added in the structure in idealized positions and further refined according to the riding model. 21 Owing the high X-ray diffraction data quality the coordinates of the H atoms of the hydroxyl groups in the japonicin A (1) and in isouliginosin B (3) were freely refined. The hydrogen atom from hydroxyl group bounded to C3 in the japonicin A (1) molecule as well as those in the hydroxyl groups in the uliginosin B (3) were identified trough the electron density peaks observed in the Fourier difference maps nearby the oxygen atoms. These peaks were associated to H atoms and their coordinates were refined according to the riding model. 21 The conformational search was done by the AM1 method using the Hyperchem 7.0 program. 22 The geometry of the conformer of lowest energy was fully optimized using the B3LYP/6-31G(d,p) basis set on the Gaussian 98 package of molecular orbital programs.
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Results and Discussion
X-ray results show that japonicin A (1) unit cell is composed by eight molecules, uliginosin B (2) by four molecules and isouliginosin B (3) by two molecules. In all compounds the molecules are bonded by a series of Tables 1 and 2 .
Structural parameters calculated by the DFT method on Tables 1 and 2 are in very good agreement with X-ray experimental data. Calculated bond lengths (Table 1) are within 0.03 Å from the experimental ones. Calculations also reflect very well the hydrogen bond interactions (Table 2) which seem to be essential to keep the conformations of these phloroglucinols (Figure 2 ), since that these interactions correspond to hydrogen bonds of strong to moderate intensity according to Jeffrey, 24 who defines that distances between H … O in the range of about 1.2-1.5 Å are related to strong interaction, distances of about 1.5-2.2 Å correspond to a moderate interaction and distances of about 2.2-3.2 Å mean a weak one.
The conformations on Figure 2 reveals that this type of calculation should be extremely useful in predicting conformational preferences of similar structures since the geometries obtained experimentally by X-ray diffraction and theoretically by molecular modeling are very close (RMS = 0.016 Å for compound (1) and 0.014 Å for compounds (2) and (3)). It is important to notice that although the structure in solution is the most important one when we are studying biological activity, in the case focused here, changes in conformation will probably be minor due to the several hydrogen bonds.
Conclusions
Calculations using the DFT B3LYP/6-31 G(d,p) basis set showed very good agreement between structural parameters calculated at this level and X-ray data, indicating that the methodology employed here seems to be a very useful tool in order to predict the conformational preference for this class of compounds.
Supplementary Information
CCDC 737455-737457 contains the supplementary crystallographic data for the structures in this paper. These data can be obtained free of charge from the Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk). Uliginosin refinement performed on data obtained from a twinned sample. Table S1 . continuation
